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We have identified three overlapping S-truncated mouse opsin cDNA clones by immunologically screening a hgtl 1 retina 
expression library. Using one of the cDNA clones as a probe, we isolated a 5 kb genomic fragment hat encompassed 
the complete coding sequence for mouse opsin. The coding region for opsin was interrupted by four introns positioned 
precisely as those previously described for other mammalian opsins. In contrast to the single major opsin mRNA in the 
bovine and human retina, Northern analysis of mouse retina RNA demonstrated the presence of at least five distinct 
species of polyadenylated opsin mRNAs. Their sizes ranged from 1.7 kb to 5.1 kb. 
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1. INTRODUCTION 
The visual pigment rhodopsin is the primary in- 
tegral membrane protein found in vertebrate 
retinal rod outer segments. Rhodopsin is com- 
prised of an apoprotein, opsin, and a l l-cis retinal 
chromophore. Light activation of rhodopsin trig- 
gers a cascade of events that result in cell signalling 
through the hyperpolarization of the rod cell [1,2]. 
Opsin genes and cDNAs have been isolated and 
characterized in a number of vertebrate and in- 
vertebrate species including bovine, human and 
Drosophila [3]. Regulation of opsin gene expres- 
sion has been studied extensively in Drosophila [4], 
but not in mammalian systems. The mouse opsin 
gene is particularly well suited for regulatory 
studies concerning gene expression. Promoter 
regions that regulate opsin expression can be ex- 
amined in tissue culture systems as well as in 
transgenic mice constructs. Furthermore, mouse 
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strains that carry inherited visual defects may 
allow us to examine mutations that may affect 
gene expression. As a first step towards genetic 
analysis of the mouse phototransduction systems, 
we have isolated and sequenced a wild-type mouse 
opsin gene and cDNA, and initiated analysis of 
transcription of this gene. 
2. MATERIALS AND METHODS 
2.1. Isolation of RNA 
Total RNA was extracted from eyes (lens removed) or from 
dissected retinas of adult C57BL/6J mice by homogenization in 
guanidinium thiocyanate and centrifugation through cesium 
chloride [5]. Bovine RNA was prepared in a similar manner 
from freshly dissected retinas. Poly(A) RNA was isolated by 
two sequential passages through oligo(dT) cellulose columns 
161. 
2.2. Isolation of cDNA clones 
We constructed acDNA expression library in Agtl 1 [7] accor- 
ding to the method of Young and Davis [8]. Approx. 400000 
plaques were screened with antisera generated against otal nor- 
mal adult mouse retinal proteins [9]. Prior to screening, the an- 
tisera were absorbed with total retinal proteins from adult 
photoreceptor-less rdle mice to remove antibodies which 
reacted with antigens common to the retinas of normal and mu- 
tant mice. The nitrocellulose filters were probed as described 
earlier for Western transfers [9]. Four clones (Ml-M4) were 
identified as opsin clones on the basis of their cross- 
hybridization to a bovine opsin cDNA probe (SP1116, [lo]) and 
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their reactivity with a monoclonal antibody (anti-rhodopsin 
ID4, gift from R. Molday). Restriction of purified X DNA with 
EcoRI and partial sequencing of cDNA inserts revealed that Ml 
and M3 were identical. 
2.3. Isolation of genomic fragments 
A wild-type mouse EMBL3 genomic library, prepared from 
the strain BlO (derived from a C57BL/lO inbred background), 
was a gift from A.-M. Frischauf and H. Lehrach, EMBL, 
Heidelberg, FRG. The M2 mouse opsin cDNA insert was la- 
beled by nick-translation and used to screen 160000 plaques 
under high stringency. Three strongly hybridizing clones were 
obtained and purified to homogeneity. Isolated hDNA was 
restricted with EcoRl and BarnHI, and analyzed by Southern 
blotting [ll]. In all three clones EcoRI released a 5 kb fragment 
that hybridized strongly with the nick-translated M2 insert. 
BamHI released two fragments, 11 kb and 3 kb. Only the 11 kb 
fragment hybridized with M2. The positive EcoRI fragment was 
isolated by gel elution and subcloned into pUC13 to yield 
MOPS1 (fig.1). 
2.4. Deletion subcloning and DNA sequencing 
Inserts of bacteriophage clones were subcloned into 
Ml3mplO and pUCl3 vectors, and sequenced with the dideox- 
ynucleotide chain termination method [12]. Random deletion 
clones generated from M2 by exonuclease III digestion were se- 
quenced directly with the double-stranded plasmid sequencing 
technique [13]. The genomic fragment MOPS1 was cleaved with 
Ncol, Ddel, and Taql, and endlabeled fragments containing 
exon/intron boundaries were sequenced with the chemical 
degradation method [14]. 
2.5. Northern blotting 
RNA was electrophoretically fractionated on for- 
maldehyde/agarose gels [15] and transferred by capillary action 
to nylon membranes (Nytran, 0.45 pm, Schleicher and Schuell). 
The denatured M2 insert was labeled by the random primer 
method 1161 with a kit from Amersham to a specific activity of 
2 x 10’ cpm/pg. Hybridizations were carried out in 50% for- 
mamide/6 x SSC at 42°C. The nylon membranes were washed 
three times in 0.1 x SSC, 1% SDS, at 50°C for 30 min and ex- 
posed to Kodak XARS film using an intensifier screen at 
- 70°C. 
3. RESULTS AND DISCUSSION 
3.1. Mouse opsin clones 
Screening of the mouse retina cDNA library 
with polyclonal antisera yielded three truncated 
mouse opsin clones, M2, M3, and M4 (fig.1). The 
clone with the longest insert, M2, lacked 
5 ‘-untranslated sequences and the first 21 codons 
of opsin. Southern blotting studies of mouse 
genomic DNA had indicated that the complete 
mouse opsin gene was contained as a single copy in 
a 11 kb BarnHI or a 5 kb EcoRI fragment [lo]. 
The 5 kb EcoRI fragment, MOPSl, was isolated 
from a genomic EMBL3 clone and shown to con- 
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tain the complete opsin coding sequence inter- 
rupted by four introns, a putative transcriptional 
starting point, and a polyadenylation signal (fig. 1). 
3.2. Mouse opsin gene structure 
The transcription start point was tentatively 
assigned (position 1, fig.2) based on a TATAA box 
at position - 26 to - 30 [17], and nucleotide se- 
quence homology to the bovine and human genes 
[ 18,191. Comparison of the region 5 ’ to the 
transcription start point showed that the - 8 to 
- 80 regions are highly conserved in the three 
known mammalian opsin genes. However, unlike 
the bovine and human opsin genes, the mouse op- 
sin gene had no CAAT box 70-80 bp upstream of 
the transcription start point. Such a sequence was 
identified 30 bases further upstream at position 
- 123 to - 119 (fig.2). The length of the exons 
(hatched boxes in fig. 1) and the positions of the in- 
trons were identical to those described for bovine 
and human opsins [18,19]. The lengths of the in- 
trons varied considerably. The human and mouse 
introns are, 1.78 kb and 1.38 kb for intron 1; 
1.2 kb and 1.08 kb for intron 2; 116 bp and 117 bp 
for intron 3; 833 bp and 920 bp for intron 4, 
respectively. 
3.3. Gene transcripts 
High stringency Northern blot analysis showed 
that the mouse eye contained five major species of 
opsin mRNA with sizes of 5.1 kb (5%), 3.9 kb 
(lo%), 3.1 kb (2OOro), 2.2 kb (35%), and 1.7 kb 
(30%) (fig.3). None of these bands were detected 
in RNA isolated from mouse brain (fig.3), mouse 
liver, or the photoreceptorless retinas of adult mu- 
tant (rd) mice (not shown). The mRNA in each of 
the bands appeared to be polyadenylated because 
each bound to and could be recovered from an 
oligo(dT) cellulose column. The identification of 5 
transcripts is in agreement with data previously 
presented [20]. Bovine retina RNA contained only 
one major species (95-98%) of opsin mRNA 
(fig.3) with a size comparable to the 3.1 kb mouse 
transcript. 
The distance between the putative transcription 
start and a polyadenylation signal (excluding in- 
trons) on the mouse opsin gene (fig.1) is 1487 
bases. The addition of a poly(A) tail would result 
in an approx. 1.7 kb processed transcript which 
may correspond to the smallest ranscript in fig.3. 
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Fig.1. Restriction map of mouse opsin clones. The top line depicts a restriction map of the 5 kb EcoRI fragment that contains the 
mouse opsin gene. Single letters symbolize restriction sites that were used for sequencing of endlabeled fragments [14] (half arrows): 
E, EcoRI; N, NcoI; T, Tuql; P, PstI; D, DdeI; H, HueII. Hatched boxes underneath the restriction map indicate the extent of exons, 
and lines connecting the exon boxes denote the length of introns. The exons are graphically spliced to a model symbolizing mouse 
opsin mRNA. M3, M3, and M4 are inserts of cDNA hgtll clones. Arrows give the direction of DNA sequencing. 
GAATTCCCMGAGGACTCTGGGGCAGACMOATGA~AGACC -147 
GTCACClTGGCCCCTCTGCMG~AGGCCCCGG~GCi -27 
TCAGTTACCTOGA~~CGC~~GGAGCCGTCAGTGGCTGAGCTCGCC~GCAGC~T~~GT~ACGMGATCCGTG~GCAGCCTCGAGAGCCGCAGCC 94 AGGGTCTGGGGGGG 
A~MCGGCACAGAGGGCCCCM~A~TGCCCCZTCC~CGTCACAGGCG~GGTCGGAGCCC~CGAGCAGCCGCAGTA~ACC~GCGG~CCATGGCAG~~CCATG~G 214 
MNGTEGPNFY"PFSN"TG"GKSPFEQPQYYLAEPWQFS~40 
A " Y 
GTOOCTGACCT~CATGGTCITCGGAGGAZTCACCACCACC~CTACACATCA~CCATGGCTAC~GTC~GGGCCCACA~~TMTCTCGA~~-GCCACAC~GA 454 
"AD L FM" F GO FT TT L YT S L H G Y FVP G P T G C N L E G F F AT L G120 
S- 
intron 1 
Ggtatgagcaga........gaaCtgccttacagGTG~TCGCCCTGTGGTCCCTGGTOGG 541 
GE I A LW S L "V L A I E KY""" C K P M S N F R F G149 
helix 3 
intron 2 
GAGMTCACGCTATCATGGGTGTGGTCTTCACCTGGATCATGGCG~GGCffGTGC~CTCCCCCA~CG~~GGTCCAGgtaaggctcag.......gggCagCCaCagGTACATC 631 
ENHAIMGVVPTWIMALACAAPPLVOWSR Y I 179 
A V helix 4 A- 
CerGAGGGCATGCMTG~CATGCG~A~GACTACTACACACTCMGCCTGAGGTC~C~CGMTC~TCAT~ACA~~CG~G~CAC~CACCA~CCTA~ATCGTCATC 751 
PEGMQCSCGI 
L 
DYYTLKPEVNNESPVIYMPVVHFTIPMI;~219 
helix 5 
intron 3 
Tl'CTl'CTGCTATGGGCAGCTGGTC'ITCACAGTCAAGGAGgtatgagcagg..... Ct tgtCcctgcagGCGGCCCAGCAGCAffiAGTCAGCCACCACTCAGM~CAGAGMGGM 841 
FPCYGQLVFTVKE AAAQQQE S ATTQKA E K E 249 
GTCACCCGCATGG~ATCATCATGGTCAT~C~CCTGAT~C-C~CC~ACGCCAG~~GCC~~ACAT-CACCCACCA~GCTCCM-CGGCCCCATC~CA~ACT 961 
VTRMVIIMVI P F L I CW LP Y A S V A P Y I F T HQ G S N F G P I FMT 289 
A V helix 6 - 
intron 4 
CXCCAGC-CmGCTMGAGCTCCATCTATMCCCGGTCATCTACATCA~-MCMGCAGgtgtt~~~g~~g~g~........ tgccttccagTTCCGGMCTGTATC%X'C 1048 
LPAPFAKSSSIYNPVIYIMLNKQ PRNCML 318 
-1 A-A- helix 7 
ACCACGCTGTOCTGCGGCAMTCCACTGGGAGATGACGACGCCTCTGCCACCGC~CC~GAC~AGACCAGCCAGGTGGCTCCAGCCTMGC~GGCCAGAGAffG-~~G 1168 
TTLCCGKNPLGDDDASATASKTETSQVAPA* 348 
I E V 
Fig.2. Sequence of the mouse opsin gene. The nucleotide sequence is a composite of genomic and cDNA sequencing. Position 1 is 
the presumptive transcriptional start point. The underlined sequences upstream of this point are the TATAA and CAAT boxes. 
Intervening sequences within the lo44 coding region are depicted in lower case letters (only the first 9-14 bases after or before each 
exon/intron junction are shown). In the 3’ flanking sequence, the AATAAA polyadenylation signal is underlined. 
255 
Volume 238, number 2 FEBS LETTERS October 1988 
5.lkb- 
1.9kb- 
-5.1 
-3.9 
-3.1 
-2.2 
-1.7 
Fig.3. Northern analysis of opsin mRNA. 5 gg of total RNA 
was loaded per lane (lanes: 1, mouse retina; 2, bovine retina; 3, 
mouse brain). All samples were treated identically. However, in 
the composite print shown, lane 1 is the result of an hour 
exposure; lane 2 a 12-h exposure; and lane 3 a 24-h exposure. 
The numbers on the left are the sizes (kb) of mouse ribosomal 
RNA, and the numbers on the right are the sizes of the mouse 
opsin mRNAs determined by comparison with an RNA ladder. 
A completely unprocessed transcript should result 
in a 5.2 kb species which correlates with the largest 
observed band in fig.3. Two polyadenylation 
signals in the 3 ‘-flanking region have been 
reported for the human opsin gene, and the second 
site is inferred for the bovine gene resulting in the 
major 3.1 kb mRNA. The mouse opsin gene may 
have a similar second site. We are currently in- 
vestigating the precise nature of the different RNA 
species with intron and exon specific probes. 
3.4. Mouse opsin amino acid sequence 
The length of 348 amino acid residues appears to 
be conserved for all mammalian rod opsins. There 
are 24 substitutions in mouse opsin, as compared 
to bovine opsin (fig.2), and 19 substitutions as 
compared with human. Nine of the residues are 
variant in all three opsin sequences. Half of the 
mouse substitutions occur in the transmembrane 
256 
hydrophobic domains (fig.2). Most of these 
substitutions are conservative and none of them af- 
fect the charge distribution near the retinal 
chromophore. No changes were observed in the se- 
quence of the cytoplasmic helix-connecting loops 
in these mammalian rod opsins, emphasizing the 
importance of these loops as points of contact with 
the photoreceptor cell G protein. 
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